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METHODS OF CRYSTAL OPTIMISATION 

The present invention relates to techniques for optimising the crystallisation 
of macromolecules and their application to automated and high throughput 
5 systems. 

The subject of crystallisation, especially protein crystallisation has gained a 
new strategic relevance in the next phase of the genome project in which X- 
ray crystallography will play a major role. There have been major advances 
io in the automation of protein preparation and also in the X-ray analysis and 
bio-informatics stages once diffraction quality crystals are available. But 
these advances have not yet been matched by equally good methods for the 
crystallisation process itself. Automation is crucial for high throughput 
crystallisation as well as for the other phases of structural genomics since 
15 the search for good crystals requires the testing of many different 
crystallisation conditions. In the area of crystallisation, the main effort and 
resources are currently being invested into the automation of screening ' 
procedures to identify crystallisation conditions. However, in spite of the 
ability to generate numerous trials, so far only a small percentage of the 
20 proteins produced have led to structure determinations. This is because 
screening in itself is not usually enough; it has to be complemented by an 
equally important procedure in crystal production, namely crystal 
optimisation. 

25 The real stumbling block in structural genomics has become apparent from 
various pilot projects which are currently under way. These show that the 
success rate of getting from cloned protein to structure determination is 
only about 5-10%. For example, figures taken from the Human Protcome 
Structural Genomics pilot project [Brookhaven National Laboratory, The 

30 Rockefeller University and Albert Einstein College of Medicine: 
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httpy/proteome.bnl.gov^rogress-htral] show that, out of 123 proteins which 
, . were cloned, 59 were purified Of these 59, 33 yielded some crystals of 
some sort. However, only 15 of these crystals were of good enough quality 
to be useful for structure determination and only 10 have been solved to 
5 date (Fig. 1). Clearly this is highlighting a general problem where, even if 
proteins can be cloned, expressed, solubilised and purified, and even if 
crystallisation trials do yield some crystals, this usually does not guarantee 
that the crystals will be good enough for the structure to be solved. For 
structural genomics to be productive, it is essential that this problem is 
10 addressed. 



Recently major advances have been made both in the automation of protein 
expression and purification methods [1] and in X-ray analysis [2] and 
modelling [3]. In the case of crystallisation, now that commercial screening 
15 kits and computer algorithms for designing arrays of potential conditions 
are readily accessible, it is no longer a major problem to dispense trials 
automatically [4,5]. Automatic generation of high throughput screening 
crystallisation trials is also underway [2,6]. 

20 The first semi-high-throughput experiments for both screening and 
optimisation were designed in 1990 as microbatch trials under oil [4]. 
Microbatch trials consisting of 0.7 - 2 pi drops of a mixture of protein and 
crystallising agents are generated by an automated liquid dispensing system 
and are dispensed and incubated under oil in order to prevent evaporation, 

25 The automated liquid dispensing system may have two modes of action: 
one to automatically screen numerous potential crystallisation conditions 
and the other for optimisation of the most promising screening conditions 
using a matrix survey [9,10]. The microbatch method has established a 
unique way of crystallising macromolecules, and many target proteins have 

30 been successfully crystallised using it [e.g. 11,12,13]. In its current state, a 
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single automated liquid dispensing system machine can generate about 
. 2000 trials per day. Because batch is mechanically the simplest 
crystallisation method, this procedure lends itself for adaptation to high- 
throughput crystallisation. The raicrobatch method has already been 
5 adapted for high throughput screening experiments in the USA using a large 
bank of syringes dispensing 0.4 - 0.5jil volumes into 1536-well micro- 
assay plates [6]. 

However, there are a number of issues that still require attention. These 
10 include; (i) the large amount of manual preparation needed prior to 
automated dispensing, (ii) the issue of cleaning hundreds of syringes and 
(iii) the viewing, follow-up and analysis of the results. Some proteins will 
surely crystallise during this initial screening, but most trials are likely to 
yield microcrystals or low-ordered crystals. The conversion of such 
15 crystals into useful ones requires individualised optimisation techniques. 
Such techniques do not lend themselves readily to automation and they have 
yet to be adapted to cope with the huge volume of experiments required by 
genome projects. Consequently, the subject of optimisation has been rather 
neglected, apart from the obvious first step of merely changing the 
20 concentrations or pH around the conditions of interest There is 
consequently a need for high-throughput automated optimisation methods 
which go beyond the usual fine-tuning of conditions at every stage in 
structural genomics. 

25 Optimisation methods have been used in crystallising proteins that could 
not have been crystallised otherwise [e.g. 7,8]. 

We have now developed automated optimisation techniques suitable for 
high throughput trials. 
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A first aspect of the invention provides an automated method of optimising 

i r 

crystallisation conditions for a macromolecule comprising the step of 
forming a ciystallisation trial, the trial comprising a sample comprising (i) a 
5 gel-forming component and (if) the macromolecule to be crystallised, 
wherein at least one component of the trial is dispensed using an automatic 
liquid dispensing system. 

The macromolecule may be any macromolecule, but it is preferably a 
10 biological macromolecule. Preferably, it is, or comprises, a polypeptide or 
polynucleotide, as discussed further below. 

By ''trial 3 * we include a series of two or more test conditions, which 
conditions vary according to factors such as the nature and/or concentration 

15 of crystallisation agents, the concentration of the macromolecule to be 
crystallised, the concentration or type or state of the gel forming 
component, the temperature, time of incubation and so on, A trial of the 
invention includes a screen comprising more than one sample, which screen 
is designed to determine the optimal conditions for crystallisation of a 

20 macromolecule. By "optimal conditions'* we mean those conditions which 
produce or promote or induce the production or growth of crystals of the 
macromolecule in such a form that they are more suitable for x-ray analysis, 
or allow generation of useful or higher resolution structural data by x-ray 
analysis. Crystals which are suitable for x-ray analysis are known to have a 

25 minimal requirement for size, quality and form. 

Preferably, the gel-forming component in the sample is or comprises 
agarose or tetramethyl ortho silane (TMOS). TMOS is especially preferred 
particularly when used at a final concentration of 0,2%, Methods of 
30 preparing gel solutions are well known in the art, and are described in detail 
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in Robert et al in the book Crystallography (Chapter 6 pl49~l75) from the 
c Tractical Approach" series: Crystallization of nucleic acids and proteins: a 
practical approach, 2 nd ed, 1999 (eds- Ducruix, A. & Giege, R.) Oxford 
University Press, Oxford, and in Example 1 . 

Previous manual methods of crystallising macromolecules, for example • 
proteins which used gel as a crystallisation matrix required relatively large 
amounts of the gel/crystallisation mixture (more than lO^il) and were not 
automated. An advantage of the present method is the requirement for only 

10 small volumes of gel/crystallisation mixture. Hence, preferably the total 
volume of the gel/crystallisation mixture dispensed is less than 5jil, and 
more preferably between 1,5^1 and 2\sX. The volume may be even lower: 
for example, we have generated gelled drops of 03 fil volume. 
Use of a gel matrix has not previously been automated because a suitable 

15 automatic means of dispensing the gel matrix did not appear to be available. 
Surprisingly, we have found that dispensing the gel using an automated 
liquid dispensing system as is already available does not result in clogging 
of the fine dispensing tip, and such a dispensing system may be used with a 
range of gel matrices. 

20 

According to a preferred embodiment of this aspect of the invention, the 
trial further comprises oil such that the oil is a layer over the sample and the 
oil layer may permit diffusion/evaporation from the sample. Typically, in 
these embodiments the sample is in microbatch. A containerless system 
25 may be used, in which the sample sits between layers of oil of different 
density, one of greater density than the sample and one of lower density 
than the sample. 

Conveniently in this embodiment, the gel-forming component is dispensed 
30 into wells of a multi-well assay plate, such as a 1 536-well microassay plate. 
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It will be appreciated that the gel-forming component on such a plate may 
have been dispensed and have gelled some time before the oil is added, or 
may be dispensed after the oil has been dispensed. It will farther be 
appreciated that the oil may be added after the gel-forming component has 
5 been applied to the surface, but prior to application of the liquid comprising 
the macromolecule. 

Preferably, the oil is dispensed first, and the gel forming component and 
macromolecule are administered subsequently, either together in a single 
10 step, or separately or sequentially in any order. Suitable oils are described 
in more detail below. 



According to a preferred form of this embodiment, the sample is placed 
onto a hydrophobic surface, preferably one which is hydrophobic due to a 

15 layer of grease. The grease may be any grease which acts as a hydrophobic 
barrier between the support and the gel/macromolecule sample and which is 
not reactive with the sample. Suitable greases may have a low melting 
point to allow melting the grease for even application onto the surface. 
Preferably the grease is a high-vacuum silicone grease. The advantage of 

20 the hydrophobic surface is the reduction of contact with the support surface 
in microbatch, without the need for suspending the sample between two oils 
of different densities. This thereby facilitates subsequent collection of the 
sample. 

25 According to an alternative preferred embodiment of the first aspect of the 
invention, the crystallisation method may utilise the hanging drop 
technique. Thus, the method of the first aspect of the invention may further 
comprise the steps of (i) incubating the sample as a drop in the presence of 
a first reservoir with a composition having a higher solute concentration 

30 that that of the sample; and (ii) transferring the drop into the presence of a 
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second reservoir with a composition having a lower solute concentration 
. than the first reservoir by means of an automatic robot 

Crystal nucleation requires different conditions to those of crystal growth. 
5 The drop of sample containing the macro-molecule and the crystallisation 
agents is at a concentration of macromolecule and crystallisation agents 
which is lower than that required for the formation of crystals. This drop is 
equilibrated against a reservoir of higher concentration of crystallisation 
agents, which has the effect of concentrating the macromolecule in the drop 
until equilibrium is reached. Such conditions are suitable for promoting 
nucleation. It is desirable to halt nucleation in order to obtain a smaller 
number of crystals which are larger and more regular. In order to halt 
nucleation and instead promote crystal growth, the conditions surrounding 
the gelled sample drop are switched to a lower solute concentration so that 
removal of the solvent from the sample drop is slowed or stopped, or may 
even be reversed. 

Hence, it is preferred that the length of incubation of step (i) is sufficient to 
allow nucleation of a small number of crystals, but is no longer than that At 
the end of this nucleation incubation, the sample drop is transferred to the 
low solute concentration conditions and incubated in these conditions to 
permit crystal growth. Determination of the length of time required for 
equilibration using liquid samples is well known in the art, and 
determination of a suitable incubation time for equilibration where the 
sample is gelled can be done using only routine experimentation. 

As described by Chayen (1997) Structure 5:1269-1274, oil can be layered 
over the reservoir containing the high solute concentration conditions of 
step (f) to slow down the equilibration rate of the trial as supersaturation is 
approached. Suitable oils are described in more detail below. 
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For automation of this embodiment, the transfer of samples between the 
conditions of step (i) and step (ii) may be done using robot Suitable robots 
are known in the art of vaponr diffusion crystallography, and an example is 
5 the Cyberlab C200 robot produced by Cyberlab, Inc, a subsidiary of Gilson, 
Inc. (UK distributors are Anachem Ltd, Anachem House, Luton, Beds. UK) 

According to the invention, at least one component of the trial in the 
method of the first aspect is dispensed using an automated liquid dispensing 

10 system. Preferably this component is the gel forming component 
Preferably, at least two components (eg the gel forming component and the 
macromolecule to be crystallised or any oil) are dispensed using the said 
system. Where the gel-forming component and the macromolecule to be 
crystallised are two or more separate liquids, it is preferred if both or all of 

15 the liquids are dispense using an automated system. More than one liquid 
may be dispensed from the same tip of the automated liquid dispensing 
system. Preferably, where oil and the sample or sample components are 
both dispensed automatically, the oil and the sample components are 
dispensed from at least two separate tips of the system. 

20 

It will be appreciated that the sample comprising the gel-forming 
component and macromolecule may be formed by two sequential steps 
wherein the gel-forming component is applied to a surface and the 
macromolecule is subsequently added to the gel-forming component. The 

25 gel-forming component may be dispensed as a solution or suspension or 
any other convenient liquid form. The liquid gel-forming component may 
have set prior to addition of a liquid comprising the macromolecule or may 
it still be liquid at that stage. The resulting composition of gel-forming 
component and macromolecule is included within the scope of term 

30 "sample" in the first aspect of the present invention. 
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. Where the sample is under an oil layer (for example, in microbatch 
methods), or where a layer of oil is used over a reservoir (for example, in 
vapour diffusion/hanging drop crystallisation), the oil layer may constitute a 
5 single type of oil, or may be a mixture of oils. Use of a mixture of oils over 
a crystallisation sample is described in D'Arcy et aL (1996) J. Crystal 
Growth 168, 175-180, and is a way of altering the rate of diffusion through 
the oil layer, since oils vary in their permeability properties. Where the oil 
layer includes more than one type of oil, it may include silicone, which 
10 permits more diffusion than, for example, paraffin does. Preferably, the 
mixture of oils includes a suitable low density oil such as paraffin with a 
density of 0.84 g cm" 3 . A suitable paraffin is commercially available from 
Hampton Research, CA 92677-3913 USA under catalogue number HR3- 
41 1 . Where the oil layer comprises only a single type of oil, it is preferred 
15 if the oil is paraffin. It is important that the density of the oD is less than 
that of the sample or the reservoir creating high or low concentration 
conditions, since the layer of oil should rest over the sample or reservoir* 
Hence, where the oil is a layer over the sample, the dispensed drop of 
sample should sink beneath the oil surface, or where the oil is added after 
20 the sample, the oil should remain on top of the sample and not s ink below it. 
In this way the oil can act as a (potentially vapour permeable) sealant of the 
conditions within the sample. 

It will be appreciated that the thickness of the oil (either as a layer over the 
25 sample in a microbatch type method, or as a layer over the first reservoir 
where a hanging drop is suspended over a first reservoir of a composition 
with a higher solute content than the crystallisation sample), and the nature 
of the oil are important in determining the environment of the sample. For 
example, a minimum thickness of oil may be required in order to prevent 
30 evaporation of solvent from the sample. However, it may be desirable to 
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allow a degree of evaporation from the sample, for example because the 
. macromolecule concentration in the sample is undeisaturated, and a gradual 
evaporation of solvent is required to increase the macromolecular 
concentration to a level where crystallisation may occur. Evaporation from 
5 the sample may be allowed by using a thinner layer of oil, for example, less 
than 3.5mm thick. Alternatively, evaporation may be permitted by using an 
oil or oil mixture which permits evaporation. The speed of evaporation 
may be controlled by varying the thickness ox ratio of oil components of the 
layer. The effect of such oil mixtures and thicknesses is known in the art of 
10 protein crystallography and are described in Chayen (1997J J. AppL Cryst. 
30:198-202. 

Preferably, the oil layer permits diffusion between the environment and the 
sample containing the macromolecule and the crystallisation agents due to 

15 the thinness of the layer. It has been observed that the diffusion through a 
thick layer of paraffin is negligible. However, when the thickness of the 
layer is reduced, diffusion may occur. The extent of diffusion may be 
proportional to the thickness of the paraffin layer, and choosing an 
appropriate thickness of oil may allow the desired rate of evaporation to be 

20 determined. Typically, the thickness of the layer of oil at which 
evaporation ceases to be negligible is 3.5mm. Preferably, the thickness of 
the layer is between 0.7 to 1.2mm. 

Preferably, the rate of diffusion is detectable and is not negligible. By 
25 "negligible" we mean the evaporation is undetectable over a period of at 
least a day, preferably over a period of at least 2 days, or 5 days or a week. 
Preferably, negligible evaporation is a loss of water from a sample which is 
sufficiently small that it cannot be detected after a period of at least two 
weeks or 1 month or 2 months or 3 months. Evaporation or diffusion from 
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the sample drop may be judged by any suitable means, including by 
, assessment of the size of the sample drop, or by the appearance of dryness. 

Hence, preferably the concentration of the dispensed macromolecule 
5 solution invention is supersaturated, but it may be undersaturated or 
metastable. In other words, the concentration of the sample may be outside 
the nucleation zone of the phase diagram of that sample, and may reach the 
nucleation zone by evaporation of solvent from the sample. 

10 

The xnacromoleeule may be any macromolecule. Preferably it is a 
biological macromolecuJe such as nucleic acids, complex polysaccharides 
and viruses. Preferably, the biological macromolecules are polypeptides. A 
polypeptide comprises at least one chain of amino acid residues which are 

15 covalently joined by peptides bonds. A polypeptide chain may have any 
number of amino acid residues, preferably at least two, more preferably at 
least 100, 500, 1000 or 2000, The polypeptide chain may have more than 
2000 residues. A polypeptide may contain residues in the chain which are 
unusual or artificial, and may comprise non-peptide bonds such as 

20 disulphide bonds. The residues may be further modified, for example to 
include a phosphate group or a sugar chain (eg an oligosaccharide) or a 
lipid moiety. A polypeptide may comprise more than, one chain (for 
example, two chains linked by a disulphide bond between the sulphur in the 
side chain of cysteine residues), and may further comprise inorganic or 

25 organic co-factors or groups. Such modifications and additions are included 
within the term "polypeptide". 
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A second aspect of the invention provides a use of an automated liquid 
dispensing system capable of dispensing volumes of liquid between 0.1^1 to 
5\j1 for dispensing a gel-forming component and a sample comprising a 
macromolecule to be crystallised 

5 

Automated liquid dispensing systems are known m the art of protein- 

*. 

crystallography, and examples of a suitable system are the IMP AX and 
Oryx 6 machines produced by Douglas Instruments, Hungerford, Berks, 
UK. Preferably the liquid dispensing system is computerised to allow the 
10 machine to be programmed to dispense varying amounts and 
concentrations. 

Preferably the gel-forming component used in the dispensing system is 
agarose or TMOS* 

15 

It will be appreciated that the gel-forming component dispensed by the 
system is fluid and not set whilst it is being dispensed. Gels which are 
useful in the present invention may form suspensions. Such gel 
suspensions tend to set within a few hours for a 5% TMOS gel, and 
20 overnight for a 0.2% TMOS geh 

A third aspect of the invention provides a use of a gel-forming component 
in automated optimisation of crystallisation of macromolecules. 

25 Preferably the optimisation includes a method according to the first aspect 
of the invention- 

It is further preferred if the macromolecules are biological macromolecules. 
It is still more preferred if the macromolecules are polypeptides. 

30 
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The gel forming component required by the second or third aspects of the 
. invention may be any suitable gel-forming component Preferably the final 
gel is 0.2% TMOS. 

5 A fourth aspect of the invention provides a use of oil in a method according 
to the first aspect of the invention. 

The oil may consist of one type of oil, or may be a mixture of oils-. Where 
the oil is a mixture of oils, it is preferred that the mixture comprises 
io silicone. 

Preferably the oil of this aspect of the invention includes paraffin, 
regardless of whether the oil is a mixture of oils or a single type. 

15 A filth aspect of the invention provides a use of a grease in a method 
according to the first aspect of the invention. 



Preferably, the grease is a high-vacuum silicon grease, and more preferably 
the grease is provided on a surface such as a multi-well assay plate. 

20 

A sixth aspect of the invention provides a use of an automated liquid 
dispensing system in a method according to the first aspect of the invention. 

Preferably, the automated liquid dispensing system has at least two 
25 dispensing tips. Such automated systems are known in the art of protein 
crystallography, and an example is the IMPAX system made by Douglas 
Instruments, Hungerford, Berks, UK. It is further preferred if the 
automated liquid dispensing system is computerised, as described above. 
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A seventh aspect of the invention provides a kit of parts comprising an 
.automated liquid dispensing system and a gel-foiming component 

Preferably, the gel forming component is or comprises TMOS. Preferably 
5 the dispensing system is one as described above- 
In a preferred embodiment of this aspect of the invention, the kit further 
comprises a low density oil such as paraffin or silicone oil. 

10 An eighth aspect of the invention provides a kit of parts comprising an 
automated liquid dispensing system, low density oil and grease. 

Preferably, the grease is a high-vacuum silicon grease, and more preferably, 
the grease is provided on a suitable surface such as on a multi-well plate. 

15 

According to a preferred embodiment of this aspect of the invention, the kit 
oil provided with the kit is paraffin. 

The invention will now be described in more detail with the aid of the 
20 following Fi gures and Examples. 

Figure Legends 

Figure 1. The steps leading to X-ray structure determination and their 
25 success rates. Histogram showing the success rate of the different stages 
from clone to structure, taken from a progress report of a Structural 
Genomics project which is publicly available on the Internet (see text). 
Getting good crystals from purified protein is the main block to rapid 
progress. 

30 
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Figure 2. Standard and gelled drops in microbatch. 

(a) Trypsin crystals grown in a standard 2ul microbatch drop. Size of 
largest crystal 300x1 80x80um. 

(b) Trypsin crystal grown in a 2ul gelled (TMOS) microbatch drop under 
5 otherwise the same conditions as (a). The crystal measurements are 

320x300xl20um. 
Both photographs were taken at the same magnification. 

Figure 3. Containerless crystallisation set-up. Schematic diagram of 
10 crystallisation drops positioned between silicon grease (on the surface of 
the plate in grey) and low-density oil (laid on top) inside a microbatch plate. 

Figure 4. Automatic transfer of hanging drops from nucleation to 
growth conditions. 

15 

Example 1. 



Development of Optimisation Procedures 
20 Crystallisation in Gels 

Growth of crystals in a gel medium can improve the quality of crystals in 
comparison with solution media because convection and sedimentation are 
reduced [14]. The application of gels in the crystallisation of 
25 macromolecules, particularly proteins, has been pursued for more than 10 
years, yet the method remains relatively underused. This may be due to the 
relatively complicated procedures required when applying gels to 
crystallisation trials and also to the relatively large quantities (mostly > 10 
pi) of sample needed. 

30 
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Very recently a simple automatic way to generate gelled crystallisation 
.trials by harnessing the IMPAX automated crystallisation system has been 
developed IMPAX works as a 5-channel system where precipitant, buffer, 
protein etc. are put into different channels and dispensed through a fine tip 
5 by the action of motorised syringes. By placing a gel solution in one of the 
channels it is possible to automatically dispense microbatch trials which 
form the gel/ crystallisation mixtures in final volumes of 1.5 - 2 jil. This 
can be achieved with the same ease as conventional automated microbatch 
trials. The gel solution is loaded into the liquid handling apparatus in the 

10 same way as the other ingredients of the crystallisation trial. Then, while 
still a low viscosity liquid, it is dispensed under oil simultaneously with all 
the other ingredients. After a known time, which should ideally be before 
the start of the nucleation process, polymerisation occurs and the drop gels. 
Agarose gels and silica gels, one made by neutralisation of sodium 

15 metasiKcate and another by hydrolysis of tetramethyl ortho silane (TMOS), 
have been tested with trypsin, thaumatin, concanavalin A, lyso2yme, and a 
cyanin protein. 

In most cases, a higher proportion of the total crystal yield consisted of 
20 large, usable crystals in the gelled drops (Fig. 2) compared with smaller 

crystals in microbatch trials in conventional solutions. In order to test 
. whether the gels would make a difference even under sub-optimal (e.g. 

initial screening) conditions, concanavalin A was crystallised in the 

presence of either agarose or TMOS gels in conditions which normally gave 
25 many small crystals. The presence of TMOS gel still made a striking 

difference; fewer, larger crystals were obtained. TMOS at a concentration 

of 02% has consistently given the best results with all five proteins used in 

the initial tests. 

Materials and methods 

30 
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Preparation of the TMOSgel 
For making 2ml 5%(v/v) gel: 

Place 1 ml of distilled water in a glass or Eppendorf™ tube. Add 0.1 ml 
5 TMOS solution (Fluka catalogue no. 87682) and shake well to disperse. 

Make up to 2 ml and continue shaking for 10-15', preferably keeping the 

» 

vessel covered, eg. with Parafflm™. The resulting solution will gel within a 
few hours. Unlike with agarose gel which does need heating, with TMOS 
gel there is no Deed to heat the solution. 

10 

A 5% TMOS gel solution will gel in a few hours, but the 02% TMOS gel 
(which is the preferred gel concentration in the crystallisation drop) takes 
overnight to gel. 

15 Example of gel conditions for crystallising the protein thaLtniatin 

19.6 mg/ml thaumatm (dispensed from a 50 mg/m stock) 
6.5 % sodium potassium tartrate 
50 mM PIPES buffer, pH 6.8 
20 0.2 %(v/v) TMOS gel (from a 5 % initial stock) 

The liquid drops were dispensed by the IMPAX robot. 

At room temperature (ca. 20°C) 3 an average of 20 small crystals and 
25 microcrystals were formed in the standard (non-gelled) controls. In the 
gelled drops, 4-10 large crystals were formed. 



Example 2. 
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ContainerJess Crystallisation 

Heterogeneous nucleation, which is often detrimental to the production of 
diffraction quality crystals, can be induced by the contact of a crystallisation 
5 trial with the walls of its supporting vessel [15,16]. Crystallisation m a 
'containerless' set up, in which a crystallisation drop is suspended between 
two oils of different densities, results in reduction of heterogeneous 
nucleation [17,18,19] thus leading to the production of a smaller number of 
high quality crystals. This two-oil method was useful for manually setting 
10 up a small number of experiments, but it took time to layer the oils, it was 
difficult to harvest the drops and the method was not amenable to 
automation. 

High-throughput can now be achieved by a modification of the original 
15 containerless method. The lower layer, previously consisting of a heavy 
fluorosilicone oil, is replaced with a hydrophobic surface of high-vacuum 
silicone grease. The grease covers the bottom of the crystallisation plate 
onto which the trial drops are automatically dispensed using the automated 
liquid dispensing robot (Fig. 3). A low-density oil, usually paraffin oil 
20 (density 0.84 g/cm 3 ), is applied as the top layer. The greased surface has 
an added advantage over the original two-oil set up in that the grease 
provides a stable interface to the upper layer. This prevents crystals from 
migrating to the walls, thus making them much easier to harvest The 
crystals can be lifted out with a loop or even a spatula. Moreover, vacuum 
25 grease is much cheaper as a lower layer than is fluorosilicone oil. 

Application of grease 

In a preferred method, the grease is melted and poured onto the plate 
30 covering the bottom of the wells in the plate. Within a given time it 
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solidifies (the time required for solidification will depend on the grease 
* used). 

Optimisation by decoupling nucleation and groivth 

5 

Nucleation requires different conditions to those of growth. The most 
common way of de-coupling nucleation and growth is by seeding [20], 
However, quenching of nucleation using dilution is more amenable to high 
throughput processing. Dilution can be achieved in both rrricrobatch [21] 
10 and hanging drop methods [22]. In the case of hanging drops, the 
coverslips holding the drops are incubated for some time over solutions that 
normally give many small crystals. After a given time they are then 
transferred to reservoirs with lower solution concentrations that normally 
yield clear drops, hi the case of microbatch the drops are diluted by 
15 automated means after incubation. We have so far reported successful use 
of these techniques only in highly individualised experiments where 
nucleation and metastable conditions, as well as optimal timing, had been 
painstakingly fine-tuned to the system in hand [21,22, M Kokkinidis > 
personal communication]. We have now tested the suitability of this 
20 approach for high-throughput optimisation. Vapour diffusion drops were 
transferred at random times from a standardised set of high-concentration 
conditions to a lower concentration reservoir. Preliminary results indicate 
that the average number of trials leading to good crystals is higher when 
using this method, compared with using a screen consisting of only either 
25 the high or the low concentration sets of conditions. In the case of hanging 
drops, this transfer between conditions can be done automatically with 
robots such as the Cyberlab (Fig. 4). 
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